Demonstration Track

AAMAS 2026, May 25-29, 2026, Paphos, Cyprus

SMTA4STECTL: Satisfiability-Driven Synthesis from Specifications
in Strategic Timed Existential CTL

Demonstration Track

Artur Niewiadomski
University of Siedlce,
Faculty of Exact and Natural Sciences
Siedlce, Poland
artur.niewiadomski@uws.edu.pl

Wojciech Penczek
Institute of Computer Science,
Polish Academy of Sciences
Warsaw, Poland
wpenczek@gmail.com

ABSTRACT

We present SMT4STECTL, a tool for automatically synthesising real-
time multi-agent systems from strategic, time-dependent STECTL
specifications. Using SMT solving and bounded model checking,
the tool checks specification consistency and, when satisfiable,
constructs a compliant system model. SMT4STECTL enables proto-
typing of strategic interactions under timing constraints, shown on
drone surveillance benchmark, and accessible via a web interface.
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1 INTRODUCTION

Model synthesis is a key step in real-time system design, where
correctness depends on logical behaviour and timing constraints. It
aims to construct models satisfying functional specifications under
temporal requirements. Our tool supports synthesis and satisfia-
bility for Strategic Timed Computation Tree Logic (STCTL), an
extension of TCTL with strategic operators [4, 5]. While model
checking for a fragment of STCTL was explored [4, 5], the general
satisfiability problem remains undecidable [1, 8, 10, 30]. We there-
fore focus on the existential fragment of STCTL (called STECTL)
and propose a partially terminating algorithm for bounded satisfi-
ability checking, which builds on SMTL [18]. A key contribution
is parametric reasoning at both the model and formula levels —
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introduced here for the first time — reducing verification to a search
for satisfying valuations over families of systems. To our knowl-
edge, SMT4STECTL is the first tool supporting parametric bounded
synthesis for a strategic timed branching-time logic.

2 APPLICATION DOMAIN

Model synthesis plays a central role in multi-agent and real-time
Al systems, where autonomous entities must coordinate decisions
under shared constraints. Similar challenges arise in autonomous
robots and drones, intelligent transportation, cyber-physical and
embedded systems, and multi-agent scheduling, where safe coor-
dination and conflict-free resource allocation are essential [7, 13,
15, 19, 28]. In these domains, the key question is the existence of
a feasible real-time strategy rather than the correctness of all be-
haviours. STECTL-based model synthesis directly addresses this
need, enabling automated design and validation of systems.

3 TOOL COMPARISON

Reasoning about strategies in multi-agent systems has led to ver-
ification tools, mostly focused on model checking. MCMAS [24]
and MCMAS-SLK [11, 12] support strategic reasoning but not syn-
thesis or real-time constraints, while MOCHA [2, 35] and STV
[20, 22] provide strategic verification, including imperfect infor-
mation, without model synthesis. Recent SMT-based approaches
MSATL [16, 26], SGSAT [17], and SMT4SMTL [18, 27] support sat-
isfiability and synthesis for a strategic timed logic based on LTL
[31]. Some general-purpose tools have been extended: IMITATOR
[3, 29] supports fragments of STCTL via encoding, limited to flat
formulae and fixed system structures, while Maude [6] supports full
STCTL model checking and timing synthesis but only limited strat-
egy and model synthesis. STV+FLY [21] enables scalable on-the-fly
strategy synthesis under imperfect information but is restricted to
untimed settings. Our tool advances the state of the art by support-
ing bounded satisfiability, strategy-aware synthesis, and full model
construction for strategic timed logic, handling nested formulae and
parametric constraints via SMT-based bounded model checking.
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Figure 3: Experimental results

4 FORMAL SYNTHESIS TECHNIQUES

Our tool performs model synthesis: given a specification ¢, it au-
tomatically constructs a model M satisfying ¢. Specifications are
expressed in STECTL [4, 5], where the core modality ((A))y states
that a coalition of agents A has a joint strategy such that all re-
sulting runs satisfy the temporal objective y. If y = Ey;Uyys, there
exists a run where y, holds within interval I, while y; holds before-
hand; when y; = true, we write EFy,. Similarly, EG;y; requires a
run where y; holds throughout I.

The output is a continuous-time multi-agent system (CMAS) [4, 5],
represented as a network of timed automata [1]. The model supports
asynchronicity, optional synchronisation, and strong monotonicity,
ensuring time progress between action transitions. Agents follow
memoryless strategies with imperfect information, selecting actions
based only on their current local state [33]. The model is constructed
using SMT-based bounded model checking (BMC) [8, 9, 18], encod-
ing the model class, bounded executions, and the specification into
an SMT formula [25, 34]. If the encoding is satisfiable, it yields
a system model; otherwise, the tool reports that no model exists
within the given bounds. The approach supports both full and par-
tial synthesis, including individual agents. Parametric synthesis is
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achieved by introducing parameters as symbolic variables in the
SMT encoding. The SMT solver searches for concrete values that
satisfy the encoding; parameters may represent model elements or
time constraints in the formula, a feature introduced in this class
of tools for the first time.

5 ARCHITECTURE AND TECHNOLOGY

The tool consists of the following components (see Fig. 1):
Web-based GUI supports visual editing of formulae and agents,
as well as intuitive exploration of synthesis results.

BMC Module encoding synthesis and satisfiability problems
into sSMT-LIBV2 format, suitable for solving.

e SMT Solvers checking satisfiability of generated SMT instances.
o API Gateway and Microservices handling identity manage-
ment, task scheduling, parallel execution, and result storage.

Typical use cases include: bounded satisfiability - checking whether
a given STECTL formula is satisfiable under given requirements
(and yielding a complete model if so); synthesis - generating miss-
ing parts of the model (e.g., transitions, parameter values, time
constraints) that guarantee system correctness; model checking
and analysis of the synthesised timed multi-agent model.

6 BENCHMARK - UAV MISSION

Our example is based on problems from [14, 23, 32] and considers a
surveillance mission involving two cooperating drones (unmanned
aerial vehicles) D1 and D2. The drones must have a strategy ensur-
ing they can reach a target area before deadline d, observe it for
a minimum time p, and return safely to base before their fuel f is
depleted. These goals are expressed by the following STECTL for-
mula a: {D1, D2)) (EF[g 4) (tg AEG(p) (tgA (D1, D2))EF g r)base)),
where tg (base) denotes that both drones are on the target (at the
base), respectively. The target can be reached directly or through
one of the fly zones. Formula : (D1, D2)) (EF g inf) (21 AEF [ g) (tgA
EGyqp) (tg A (D1, D2)EF g nf) (21 AEF[q ) base))))) states that ex-
ists a strategy that both drones reach the target and return via zonel
(z1). In our experiment, we define the formula, the locations, hover
self-loops, and actions for each agent. Our goal is to synthesize
transitions that move drones between locations, time constraints,
and parameter values. Fig. 2 presents two agents synthesized from «
(blue), with a straight approach to the target and parameter values:
d=1,p=3,and f =5, and ff (green) with valuesd =1,p =1, and
f = 5. Fig. 3 presents the experimental evaluation! of our approach
for scenarios involving from 2 to 5 agents (n) and fly zones (z). A
comparison of the resources required for the synthesis of « and
B indicates that the size of the formula has a more pronounced
effect on resource consumption than the number of locations and
transitions, especially in terms of memory usage. For more details
watch our demo video at https://stectl.ii.uws.edu.pl/demo.

7 CONCLUSIONS

We presented a tool for synthesising real-time multi-agent systems
from STECTL specifications. Its key feature is parametric synthesis,
which automatically infers unknown design values, particularly
timing parameters, instead of requiring manual early-stage fixation.

The experiments were performed on a PC with i7-1065G7 CPU and 16GB RAM
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